We conducted a large population-based survey of body mass and blood pressure nested within an HIV survey in rural KwaZulu-Natal, South Africa, to measure the prevalence of obesity and hypertension in a community with very high HIV prevalence and to investigate the effect of HIV on body mass and blood pressure in a general population in rural Africa before antiretroviral treatment was widely available. Crude prevalence of overweight, obesity, stage-I and stage-II hypertension was 58% (95% confidence interval (CI) 56-60%), 32% (95% CI 30-33%), 24% (95% CI 22-26%) and 9% (95% CI 8-10%), respectively. Controlling for age, sex, education, household wealth, marital status and rural vs urban residence in multiple regression (after multiple imputation of missing values), HIV infection reduced body mass index by 1.9 units (Po0.001) and--when additionally controlling for body mass--systolic blood pressure by 3.0 mm Hg (P ¼ 0.005).
While 80% of deaths due to cardiovascular disease occur in low-and middle-income countries, 1 reliable data on the main cardiovascular risk factors-obesity and hypertension-from developing countries are scarce, particularly from rural Africa. Only two published studies report on the relationship between HIV infection and cardiovascular risk factors in Africa, both facility-based in large cities (in hospital in-patients in Bujumbura, Burundi 2 and in antenatal services in Dar es Salaam, Tanzania   3 ). We conducted a large population-based survey of body mass index (BMI) and blood pressure (BP) in rural Umkhanyakude in KwaZulu-Natal, South Africa, a community with very high HIV prevalence. 4 The survey took place in 2003-2004, when antiretroviral treatment was not yet widely available in South Africa, except to the few people able to afford private care. Information on HIV status was obtained from the HIV surveillance, within which this study was conducted. Demographic, social and economic data about the individuals participating in the survey were available from the Demographic Information System at the Africa Centre for Health and Population Studies, a Wellcome Trust-funded research centre at the University of KwaZulu-Natal.
The eligible population for this study consisted of all women aged 25-49 years and all men aged 25-54 years residing in the surveillance area on 18 June 2003. Height, weight and BP measurements followed the WHO STEPS protocol. 5 Overweight was defined as BMIX25; obesity as BMIX30. Three BP measurements were taken on the right arm at intervals of at least 5 minutes. The average of the second and the third systolic BP (SBP) readings was used to estimate SBP and the average of the second and the third diastolic BP (DBP) readings was used to estimate DBP. We used recent definitions of stage-I hypertension (SBPX140 mm Hg or DBPX 90 mm Hg) and stage-II hypertension (SBPX 160 mm Hg or DBPX100 mm Hg). 6 Further details of the survey methods have been described elsewhere. 4 Approval for the Africa Centre Demographic Information System (ACDIS) (protocol E009/00) and this study (protocol E029/03) was obtained from the Medical Ethics Committee, University of KwaZulu-Natal.
Seventy-three per cent of the 4896 eligible residents were successfully contacted. Among these, valid BMI, SBP, DBP and HIV status information was available for 71, 75, 75 and 50%, respectively. In comparison to individuals with at least one missing value among one of the dependent or independent variables used in multiple regressions (see below), individuals without missing values were significantly more likely to be female (65 vs 56%), to belong to the poorest household wealth quintile (24 vs 18%) and to live in a rural area (56 vs 47%) (all Po0.001). The two groups did not differ significantly with regard to educational attainment or marital status. We used multiple imputation (MI) to control bias due to selection on observable variables. 7 Although MI requires that data are missing at random, 7 in many realistic cases, point and variance estimates from MI will not be strongly affected if the missing at random assumption is violated. 8 The MI procedure is described in Supplementary Information. Table A1 in Supplementary Information shows the number of missing observations for all variables used in the MI. We carried out imputation by chained equations in STATA 9.2 Table A2 in Supplementary Information shows the prevalence of overweight, obesity and stage-I and stage-II hypertension by sex, age group and HIV status as crude estimates (using only information for individuals with valid measurements of BMI (or BP) and HIV status) and as MI-adjusted estimates (n ¼ 4896).
To investigate the effect of HIV on BMI and BP, we regressed BMI, SBP and DBP against HIV, while controlling for well-known determinants or correlates of BMI and BP in ordinary least squares regressions, namely sex, age, household wealth, education, marital status (currently married vs currently unmarried) and place of residence (rural vs urban/peri-urban residence). 9, 10 As a measure of household wealth, we developed an assets index using principal component factor analysis on living conditions (household ownership, access to piped water, access to electricity, main energy source for cooking, toilet type) and 27 household assets (Table A1 in Supplementary Information).
11 Households were categorized into quintiles on the assets index scale. To control for education, we used dummy variables capturing three categories of educational attainment that coincide with the categories of the South African education systemno schooling, primary school (school years 1-7) and secondary school or higher (above school year 7). We added BMI as an independent variable to the regressions with SBP and DBP as dependent variables, because BMI influences BP via a number of physiological mechanisms. The same regressions were carried out on each of the 20 imputed data sets, and combined coefficient and standard error estimates (in Table 1 ) were calculated following Rubin. 7 In HIV-positive individuals, BMI was on average 1.9 units lower than in HIV-negative individuals (Po0.003) after controlling for sex, age, education, wealth, marital status and place of residence. In addition, there was a clear wealth gradient of BMI. Holding other factors equal, on average at every quintile of the household wealth index people had higher BMI than people at lower quintiles (all Po0.003). Currently married people had a 2.4 units higher BMI (Po0.001), and people living in urban or peri-urban areas had a 0.7 units higher BMI (P ¼ 0.004) ( While it is well known from clinical studies that advanced HIV infection causes weight loss, we measure for the first time the effect of HIV on BMI and BP in a general population in rural Africa. We find a large effect of HIV on BMI (equivalent to a 5 kg weight reduction at the average height of 163 cm). Surprisingly, we find that HIV does not only have an indirect effect on SBP, mediated by body mass, but remains a significant predictor of SBP when controlling for BMI, in addition to other determinants of BP. Possible reasons for this finding include HIVrelated hypoadrenalism or side effects of traditional medicines against HIV.
In this community in rural Africa, the epidemiological transition from diseases of poverty to those of affluence, 12 while already far advanced, has been partially halted by the advent of HIV. Obesity and hypertension-both conditions of affluence-are very common, but would be even more prevalent in the absence of HIV. On the one hand, the very high level of hypertension warrants an immediate expansion of antihypertensive treatment coverage and emphasizes the need for life-style modification programmes. On the other hand, as antiretroviral treatment commonly reverses previous weight loss in HIV-positive people, putting preventive programmes in place may avert an increasing prevalence of cardiovascular risk factors among antiretroviral treatment patients.
What is known about the topic K Eighty per cent of the worldwide deaths due to cardiovascular disease occur in low-and middle-income countries. K Reliable data on the main risk factors of cardiovascular disease (obesity and hypertension) from rural Africa are scarce. K From clinical studies, it is well known that HIV causes weight loss, but the magnitude of weight loss due to HIV in rural African communities with very high HIV prevalence has not been previously described.
What this study adds K This study finds very high prevalence of obesity and hypertension in a rural community in South Africa despite a very high HIV prevalence. K Controlling for other factors, HIV infection has led to substantial weight loss in the general population in the community (an average of 5 kg at average height). K HIV infection appears to reduce systolic blood pressure independent of its effect on body mass. 
